Traditional methods for prioritizing the renewal of water are based on heuristic models, such as the number of breaks per length, rule-of-thumb, and records held by the water utility companies.
The objective of this work is neither to find the most appropriate model to simulate water leakage nor to calibrate leakage model parameters, but to propose a methodology to prioritize pipe replacement in water pressurized networks.
The criterion of grouping the pipelines eligible for obtaining the economic prioritization scheme is a specific problem for utility managers and the more homogeneous the District Metering Area (DMA) is, the better the results that are expected.
With these limitations, an economic prioritization is proposed for minimizing the period of time required to recoup the funds invested (payback period). This study considers direct costs as the cost of purchasing and installing the pipe (e.g., excavation, repaving, etc.) and also as the cost of the water and energy savings (calculated using the energy 
MATERIALS AND METHODS
A calibrated hydraulic simulation model is required to calculate water and energy audits of the pressurized water network.
Simulation of the leaky network
This approach deals with the idea of adding an emitter -a device that models the flow through a nozzle -at each node of the network (Cobacho et al. ; Equation (1)) in order to consider water leakage as pressure-dependent on node demands:
where q li (t) (m Since the location of background leakages is not known, it can be assumed that leakage is uniformly distributed along every pipeline of the WDN. Based on common modelling assumptions, water leakage at nodes is equal to the water losses produced in the half of all pipes connected to it (Equation (2)). Let us assume that the leakage factor γ pi can just be the pipe length:
where L j (m) are the lengths of pipes connected to each node and L T (m) is the sum of all pipe lengths of the network. So there is a different factor for each node and these must sum to one. If leakage in the DMA is not homogeneous, these γ pi coefficients may adopt various values (such as the number of repairs per pipe length) with the restriction that the n coefficients must sum to one.
Simulation of the m replacement cases
Given a network with m pipelines eligible for replacement, m scenarios may arise for analysing water and energy consumption. The replacement of each pipeline assumes it to be a leak-free pipeline. It means that the burn-in phase in the bathtub curve of the life cycle of a buried pipe (Kleiner & Rajani ) is over and there is no break after the replacement. As a consequence of the replacement, new weighted leakage factors (Equation (2)) are expected.
For instance, if the jth pipe has been selected for replacement, the leakage factor γ pi is now calculated as follows (Equation (3)):
Each one of the possible scenarios has new values in some of the n (number of nodes) weighted leakage factors.
These new values involve changes in some of the n emitters (there is no change of the K f value; Equation (1) So, this method consists in selecting the pipe with the highest daily average unit headloss among the m potential candidates as the first pipeline to be replaced. The key advantage of this criterion is its simplicity and it is a commonly adopted approach by water utilities which plan rehabilitation mainly based on pipe age (because of the assumed higher internal roughness), but, in contrast, it does not consider the impact of a single-pipe replacement on the hydraulic behaviour of the whole network.
Economic prioritization criterion
The economic prioritization criterion involves calculating the water and energy audits for each of the m cases and comparing with the zero case (current state of the network). The indicator that should be used for obtaining the prioritization scheme is the payback period.
Moreover, this investment has to be paid at the present time while water and energy savings are periodically obtained. In order to be able to compare, all costs should be expressed in monetary units at the present time with the use of the equivalent continuous discount rate, r.
The operation costs that the utility should face in a nonreplacement scenario (the laissez faire option or the cost of doing nothing) from the present time -t p -to the time t can be expressed as Equation (4): Analogous to the previous equation, the present value of the operation costs that the utility should face from now (replacement of the ith pipe) to t is calculated as Equation (5):
where Finally, the equation resulting when comparing the operation costs of the laissez faire option with the replacement of pipe i is Equation (6):
where S i (EUR) are the economic savings obtained by the renovation (B i * has a lower value than B i , as the replacement involves water and energy savings). Note that the fixed costs (C F ; EUR) are equal for each of the cases compared and the maintenance costs are considered to have similar values in homogeneous DMAs and due to this are irrelevant for this study. Equating to zero the derivative of Equation (6), the payback period of the investment (Equation (7)) is calculated:
where T i (months) is the payback period, which is the value to minimize as lower values involve higher water and energy savings per monetary unit invested.
Numerical example
To illustrate the proposed methodology, a numerical example is presented. Figure 1 shows a DMA in a western global energy and water savings produced as a consequence of a pipe renewal so there is no additional information about the impact of the renewal action.
Economic criteria prioritization results
The priority obtained is different compared with the unit headlosses methodology. The results indicate that the new order is now pipe 8, 403, 615 and 77 (Table 1) .
If the unit headloss methodology is the criterion selected (Tables 2 and 3) . (Table 4 ). The prioritization scheme shown in Table 1 is not modified as the pipelines selected for replacement are not installed in these streets. Results have demonstrated that opportunity costs do not necessarily involve large savings and the prioritization scheme is not always modified. It has been proved that a threshold value for taking or rejecting the opportunity exists and it can now be calculated. On the other hand, the existence of environmental costs of water involve lower payback periods, and social costs are considered to make the simulation more realistic, as in every DMA, water managers cannot decide when to carry out digging and repaving works without considering the social problems.
Although leakage reduction is the main positive effect of pipe replacement, it implicitly reduces the risk of bursts and service interruption (considered in the social cost) and it also increases the hydraulic capacity of the WDN. Scenarios with low hydraulic efficiency (high leakage flowrate) involve quick recovery of the economic investment because of the high energy and water savings.
This methodology should be used for homogeneous groups of pipelines (all of them with the same age). The more homogeneous the DMA is, the better the results that are obtained. In other words, it cannot be used for comparing pipelines at different ages. Finally, as pipelines in the DMA are considered to have the same age, the number of breaks and their repair costs (maintenance costs) can be considered as fixed costs, and they can also be considered irrelevant for this study. 
